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Computational details
Conformations of starting reactants: 2-substituted cyclohexanones [b] 0.00 0.97 0.41 0.57 OMe B2PLYP [c] 0.00 0.96 0.41 0.58 OMe MP2 [b] 0.00 1.30 0.24 0.34 OMe MP2 [c] 0.00 0.79 0.50 0.70 OMe CCSD [b] 0.00 1.21 0.29 0.41 OMe CCSD [c] 0.00 1.69 0.04 0.06 OMe CCSD(T) [c] [b] Single-point energy calculations performed on B3LYP-D3 optimized geometries.
[c] Single-point energy calculations performed on ωB97X-D optimized geometries. [b] 9.00 0.24 11.04 0.00 9.30 9.19 10.23 0.00 0.75 1.21 OMe B2PLYP [c] 10.82 0.50 11.12 0.00 10.56 9.03 10.01 0.00 0.42 0.58 OMe DSD-PBEP86 [c] 10.77 0.49 10.92 0.00 10.08 8.53 9.42 0.00 0.38 0.59 OMe MP2 [b] 7.78 0.35 10.04 0.00 10.65 9.80 10.58 0.00 1.11 1.73 OMe MP2 [c] 9.71 0.75 10.15 0.00 10.37 8.78 9.60 0.00 0.61 1.02 OMe CCSD [b] 10.72 0.00 9.10 3.60 7.88 8.78 9.10 10.58 2.70 4.17 OMe CCSD [c] 12.31 0.66 9.34 0.00 10.06 9.02 9.34 10.33 1.65 3.75 OMe CCSD(T) [c] 12.08 0.75 11.69 0.00 10.09 9.13 9.30 0.00 n.a. [d] 0.00 7.39 1.09 3.63 n.a. [d] 5.49 n.a. [d] 0.49 0.73 Cl DSD-PBEP86 [c] n.a. [d] 0.00 7.53 1.00 3.58 n.a. [d] 5.26 n.a.
LiAlH4 reduction of 2-substituted cyclohexanones
[ n.a. [d] 0.00 7.20 0.93 2.66 n.a. [d] 4.40 n.a. [d] 0.09 0.10 Cl CCSD(T) [c] n.a. [d] 0.00 7.29 1.05 2.51 n.a. [d] 4.30 n.a.
[d]
-- [a] MUE and RMSD (in kcal mol -1 ) for the different methods with respect to CCSD(T)/cc-pVTZ calculations. [b] Single-point energy calculations performed on B3LYP-D3 optimized geometries.
[c] Single-point energy calculations performed on ωB97X-D optimized geometries.
[d] These geometries were not obtained at this level of theory. [b]
Conformations of final products: 2-substituted cyclohexanols
Single-point energy calculations performed on B3LYP-D3 optimized geometries.
[c] Single-point energy calculations performed on ωB97X-D optimized geometries. Table S4 . Gibss free and electronic energies (in kcal mol -1 ) of the different 2-substituted cyclohexanol conformers calculated at the B2PLYP-D3/aug-cc-pVTZ//wB97XD/cc-pVDZ level of theory and electronic energies obtained with the CCSD(T)//cc-pVTZ method. Figure S1 . Average MUE and RMSD (in kcal mol -1 ), including the DSD-PBEP86-D3BJ double hybrid functional, for describing the transition state energies of the hydride reduction of 2-substituted cyclohexanones (1-4). Figure S2 . NCI analysis of the interactions in the axial and equatorial chair conformers for the TSs involving an axial hydride addition to cyclohexanones 2-4. The gradient isosurfaces (s = 0.5) are coloured on a RGB scale according to sign((l2)r over the range -0.02 a.u. to 0.02 a.u. 2.00 2.50 Figure S3 . Relative Gibbs free energies in gas-phase and 25 °C of the bi-and tridentate transition structures for axial (red) and equatorial (blue) hydride additions to 2-substituted cyclohexanones. Figure S4 . Gibbs free energies profiles (in kcal mol -1 ) for the two competing pathways of the reduction of 2-methylthiocyclohexanone by LiAlH4.
2-methylthiocyclohexanol (1)
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Equipment and general aspects
1 H-NMR spectra were recorded on a Bruker 400 Avance spectrometer. Trimethylsilane was used as the internal standard with CDCl3 as the solvent. All spectra were recorded at room temperature. Chemical shifts (δ) are expressed in ppm relative to the internal standard. Cis:trans diastereoisomer ratios were determined by integration of the 1 H-peak of the proton connected to the C1 carbon (H1) of both the cis and trans 2-substituted cyclohexanol. For 2-methoxycyclohexanol, 2-methylthiocyclohexanol and 2-chlorocyclohexanol resolved spectra are already available in literature, which facilitated assignments of the necessary peaks.
[24]
Experimental details 2-methylcyclohexanol was prepared by dropwise addition of LiAlH4 (1.65 mmol, 1.65 mL, 1 M solution in diethylether) to 2-methylcyclohexanone (1.65 mmol, 0.20 mL) in 30 mL dry THF at -78°C under N2-atmosphere. The reaction mixture was stirred for 4 hours at -78°C. Upon completion of the reaction, 10 mL of saturated NH4Cl solution in water was added to the reaction mixture after which the organic material was extracted with diethylether. Drying and evaporation of the solvent in vacuo afforded a yellow oil. Cis:trans diastereoisomer ratios where determined by 1 H-NMR measurements of the crude reaction mixture (δH1-cis = 3.78, δH1-trans = 3.11).
Figure S5.
1 H-spectra of crude reaction mixture after the LiAlH4 reduction of 2-methylcyclohexanone to 2-methylcyclohexanol.
2-methoxycyclohexanol was prepared by dropwise addition of LiAlH4 (1.54 mmol, 1.54 mL, 1M solution in diethylether) to 2-methoxycyclohexanone (1.54 mmol, 0.19 mL) in 30 mL dry THF at -78°C under N2-atmosphere. The reaction mixture was stirred for 4 hours at -78°C. Upon completion of the reaction, 10 mL of saturated NH4Cl solution in water was added to the reaction mixture after which the organic material was extracted with diethylether. Drying and evaporation of the solvent in vacuo afforded a yellow oil. For the crude mixture, cis:trans diastereoisomer ratios could not be determined due to ambiguity of peak assignment and troublesome peak overlaps. Figure S6 . Zoom of the 1 H-spectra of 2-methylcyclohexanol, including integration to determine the cis:trans ratio.
2-methylthiocyclohexanol was prepared by dropwise addition of LiAlH4 (1.37 mmol, 1.37 mL, 1M solution in diethylether) to 2-methylthiocyclohexanone (1.37 mmol, 0.19 mL) in 30 mL dry THF at -78°C under N2-atmosphere. The reaction mixture was stirred for 4 hours at -78°C. Upon completion of the reaction, 10 mL of saturated NH4Cl solution in water was added to the reaction mixture after which the organic material was extracted with diethylether. Drying and evaporation of the solvent in vacuo afforded a yellow oil. Cis:trans diastereoisomer ratios where determined by 1 H NMR measurements of the crude reaction mixture (δH1-cis = 3.88, δH1-trans = 3.75).
Figure S7.
1 H-spectra of crude reaction mixture after the LiAlH4 reduction of 2-methoxycyclohexanone to 2-methoxycyclohexanol. Figure S8 .
1 H-spectra of crude reaction mixture after the LiAlH4 reduction of 2-thiomethylcyclohexanone to 2-thiomethylcyclohexanol. Figure S9 . Zoom of the 1 H-spectra of 2-thiomethylcyclohexanol, including integration to determine the cis:trans ratio.
2-chlorocyclohexanol was prepared by dropwise addition of LiAlH4 (1.49 mmol, 1.49 mL, 1M solution in diethylether) to 2-chlorocyclohexanone (1.49 mmol, 0.197 g) in 30 mL dry THF at -78°C under N2-atmosphere. The reaction mixture was stirred for 4 hours at -78°C. Upon completion of the reaction, 10 mL of saturated NH4Cl solution in water was added to the reaction mixture after which the organic material was extracted with diethylether. Drying and evaporation of the solvent in vacuo afforded a yellow oil. Cis:trans diastereoisomer ratios where determined by 1 H NMR measurements of the crude reaction mixture (δH1-cis = 3.82, δH1-trans = 3.51).
Figure S10.
1 H-spectra of crude reaction mixture after the LiAlH4 reduction of 2-chlorocyclohexanone to 2-chlorocyclohexanol.
Figure S11. Zoom of the 1 H-spectra of 2-chlorocyclohexanol, including integration to determine the cis:trans ratio.
